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cause severe complications if untreated, there 1s a
real need for a safe and effective
vaccine. This image shows

the structure of an

important protein that’s
located on the outer surface

of the bacterium that causes
Lyme disease. It’s called

OspA.

Brookhaven Biology

have had in using Brookhaven’s National
Synchrotron Light Source to make
discoveries that have medical or
agricultural value.

For example....

Brookhaven Biology

using x-ray diffraction.

OspA was used in first-
generation Lyme disease
vaccines -- but
differences among strains
of bacteria can make a
vaccination fail.

Brookhaven Biology
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bacteria vary.

Researchers can use
this information to
develop second-
generation vaccines
that will give better
protection again Lyme
disease.

C. Lawson, J. Dunn .
Brookhaven Biology

These allow us to “look™ at large molecules
like OspA.

You’ll be surprised how much you already
know about how we might do this.

Brookhaven Biology

are using
Biology, Chemistry, Physics, and Math
to answer questions that can be important to
human health, to agriculture, and to
fundamental science.

Let’s look at how all these disciplines can
fit together to provide this wealth of
information....

Brookhaven Biology

I’ve told you that we use crystals and x-rays.
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meters.
*» To “see” the atoms, we need to use light

with a wavelength that is near to this distance.
» X-Rays (x-ray light) have a suitable

wavelength.

Brookhaven Biology
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* The repeating unit is a parallelepiped (three-
dimensional) or a parallelogram (two-dimensional).

* A crystal like that of OspA will be half a mm on a
side and contain 10'° molecules.

Brookhaven Biology

Parallelograms
defining crystal
repeat.

* Even if we could, the x-rays would burn up the

molecule.

* Even if that would work, we don’t have a lens for
the x-rays.

* The crystal amplifies the signal, and gives us a
way to get the phase information back.

Brookhaven Biology
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Waves come in
“in phase.” The wave travels exactly one wavelength to
take the little detour

Brookhaven Biology

Now get rid of
the orchard...

Brookhaven Biology

See: www.journeysunysb.edu/ProjectJava/Bragg/home.html

Brookhaven Biology
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represents the

intensity of
reflection
from one set
of planes
cutting
through the
crystal.

Plate 26 from Taylor and Lipson -- Optical Transforms Brookhaven Biology

Induced Electric Vector

Synchrotron Light

B Consoriom @ Operstonst

BN HH @ Plamed  Consir
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Dipole Magnet
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A modern \
CCD-based detector

on a four-circle
diffractometer
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: object? .
that requires good = ——— _—
S A: We will have to calculate it. = | ‘5 = l
interpret. Modern
dCCtD;based,th . Q: How will we represent that object?

ctectors wi our- .
circle A: The x-rays are scattered from electrons in
diffractometers the atoms of the crystal.
record such
patterns and . . vy - .

S G Therefore: for us, the “image” is going to be a
intensity. representation of the electron density.
An antique rotation photograph of B-Phyoerythrin -- real x-ray film. 5 . Biology Brookhaven Biology

The amplitudes are
= = the square-root of the
be summed to give this structure back? ' . intensity of diffraction.

1 1.21 0.6r /\/

20 L NS L TN

1 b Mﬂ\x\ There are several

Y
ways to estimate the
4 0.2 0.8 - phase of diffraction. [~

H] 0.29 1.3n PSS N /v\’\’\
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Turner et al., Nat. Str. Bio 5 369-76 (1998)

like this.

The molecular
model can be built
to fit inside.

Brookhaven Biology

“chickewire” cages

Here are a couple more examples...

Brookhaven Biology

people each year — mostly
children. This image shows
the structure of an important
protein that’s located on the
outer surface of the parasite
that causes malaria. It’s
called Apical Membrane
Antigen-1.

Brookhaven Biology

effective part of a vaccine.
In addition, features of the
molecule suggest that it
might be target for a drug
that might be designed to
bind to it.

Brookhaven Biology
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of the work
performed in
the Nobel-
Prize-winning
studies of Rod
Mackinnon
was also
performed at
the NSLS.

Rod MacKinnon, Rockefeller Univ.

Rod MacKinnon, Rockefeller Univ.

Rod MacKinnon, Rockefeller Univ.

Rod MacKinnon, Rockefeller Univ.

Brookhaven Biology
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must collaborate.
* Synchrotron x-ray sources are a crucial component.
* We also depend on collaboration among National

funding agencies.

o
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